and the rates of permanent deposition in the sediments. The determination of accumulation rates in major sinks and the prediction of levels to be expected in the future, given estimates of global production and of environmental input, constitute a challenging problem in environmental science.
A mass balance equation that would predict future levels of PCBs in the sea might profitably be modeled on the approach recently used by Weiss et al. (12) in considering the amount of mercury introduced to the sea as a result of the activities of man. Like PCBs, mercury in its various chemical forms is not essential to organisms but may be accumulated by them. Both groups of compounds move through the environInent by water and air transport and are mobilized from pools that exist in a variety of industrial products, in addition to the pool of mercury in the earth's crust. The transfer of mercury from the continents to the oceans in river runoff was estimated to be at most 2.8 X 109 grams per year, considerably less than the estimated rate of exchange between the continents and the atmosphere, between 2.5 X 1010 and 1.5 X 1011 grams per year. The latter figures were obtained from measurements of mercury in rainwater of the 1930's and in uncontaminated glacial ice. The amount of mercury produced by man per year is currently on the order of 1010 grams, of which one third was estimated to enter the atmosphere. Other sources of atmospheric mercury include the burning of fossil fuels, cement production and mining oper--ations, but the integrated input resulting from man's activities in industry and agriculture was less than that released into the atmosphere by natural processes. The doubling of the mercury content in dated layers of snow from a Greenland ice sheet over the past several decades was attributed to an increased disturbance of sedimentary rocks as a result of human disturbance (12) .
Such an approach yielded the prediction that the current mercury content of marine organisms is at most no more than double that present in pre-technological times (12) .
The only synthetic pollutant for which a comparable mass balance approach has been formulated is the insecticide DDT, together with its derivatives (13) . Over the past fifteen years about 6 X 1010 grams per year of DDT have been manufactured in the United States, of which a considerable fraction is exported. The total global production per year was estimated to be in the order of 1011 grams (13) , of which all may be assumed to be released into the environment. Analyses of DDT concentrations in river waters indicated that only a small fraction of the DDT applied to the land would reach the sea by river transport. The few data available for DDT concentrations in precipitation indicated, however, that as much as one quarter of the global production and use could be transported to the sea through the atmosphere (13, 14) . Yet (16) .
The figures made public by Monsanto were for total PCB production only. The chlorine composition of the PCBs detected in marine systems may vary widely between that in waste water outfalls and in the tissues of fish-eating birds (17, 18 
biological samples, however, the profile of PCB peaks closely matches one of the commercial preparations, and accurate quantitation can then be made using the height of any one of the prominent peaks. The Atlantic zooplankton and fish samples from Long Island Sound (21) 
area of all PCB peaks emerging after p,p'-DDE to the total areas of the same peaks in chromatograms of the Aroclor 1254 standard. These values may be somewhat too high. Samples may contain a lower proportion of the PCB compounds with fewer chlorine atoms than does the 1254 standard. Also, the biphenyl molecules with more chlorine atoms have a greater ability to capture, electrons and give, in general, proportionately greater responses in the electron capture detector per molecule of biphenyl. Thus, two eggs of the Common Tern, Sterna hirundo, from the colony on Great' Gull Island, Long Island Sound, were quantitated for PCBs using two different methods. The areas of PCB peaks emerging after DDE were first compared with the 1254 standard and concentrations of 308 and 214 ppm in the egg lipids were calculated, respectively. When areas were compared with the total areas of the same peaks in chromatograms of the Aroclor 1260 standard, the PCB values obtained were lower by a factor of 2 and were, respectively, 145 and 98 ppm. The column used in this instance was 5% QF-1 on Chromosorb W, 80-100 mesh, acid washed, HMCS treated. Under the conditions employed, the integrated areas of all peaks of chromatograms of equal amounts of Aroclor 1242, 1254, and 1260, respectively, increased in the ratio 1.00:1.68:2.46 (22) .
The different quantitation procedures used by various laboratories may be expected to yield, therefore, somewhat different estimates of PCB concentrations. It is reasonable to assume, how- Table 2 includes a representative selection of PCB residues so far measured in species of petrels and shearwaters. These birds are strictly oceanic, rarely approaching land except to breed on islands or undisturbed coastal areas. They do not dive for their food as do the fish-eating species but rather feed upon plankton and other organic material obtained at the surface of the sea. Within a given marine ecosystem, their burdens of both PCB and DDT residues may be higher than those in fish-eating species such as the Brown Pelican, Pelecanus occidentalis, or the Osprey, Pandion haliaetus (7). Many species range widely, breeding in one hemisphere and spending the remainder of the year in the other. As expected, lowest levels were found in the Snow Petrel, Pagodroma nived, a species resident in the Antarctic pack-ice region. High residues were found in tissues of the Wilson's Petrel, Oceanites oceanicus, from the population that breeds on the Antarctio Peninsula and migrates to the North Atlantic during the southern winter months. Comparable levels were found in the Ashy Petrel, Oceanodroma homochroa, a qpecies that remains largely or entirely within the California coastal waters. High PCB concentrations were also found in an egg of a Lea,ch's Petrel, Oceanodroma leuchorhoa, obtained on the Islas Coronados, Baja California, Mexico, in the vicinity of San Diego, California (Table 2) . Table 3 summarizes the PCB data obtained from analysis of eggs of the Brown Pelican over a (29) . The major difficulty in the design of a monitoring program to determine whether PCB residues are increasing or declining in a given sink is the lack of a statistical design that would establish how many individual specimens should be analyzed in order to determine the parameters of the pollutant distribution at a desired confidence level. Nor has it been established which species of organisms are most suitable for such monitoring programs. The distribution of residues of chlori. nated hydrocarbon insecticides and their derivaatives within a population is frequently nonGaussiah, although transforrnation of residue concentrations to their logarithms yields a distribution that is sufficiently Gaussian for the use of established statistical methods (31, 32) . Confidence intervals, therefore, can be established for such parameters as the means of logarithms of residue concentrations. The confidence interval, however, cannot be transformed back to the original distribution. There apparently are no satisfactory statistical methods that would determine the confidence intervals about the arithmetic or geometric mean of measured concentrations (32) . Moreover, one hundred or more analyses of individual specimens might be necessary to determine the precision of the logarithm of the geometrical mean within a range equivalent to 10% of the value of the geometric mean (31, 32) .
The two major research problems that are emerging from the occurrence of PCBs in the environment appear to be first, the determination of the accumulation rates in sinks, so that the concentrations found there might be related to input levels, and second, the determination of the effects of PCBs or their derivatives upon organisms and ecosystems at each contamination level. It might be hoped that a fraction of the considerable sums of money that would be spent at both national and international levels to "monitor" the environment will be diverted to programs designed to answer the significant questions rather than to assemble tables of random numbers, for which there is no pressing need.
